Background: This study was performed to assess the diagnostic accuracy of panoramic radiography in determining the position of impacted permanent maxillary canines. Methods: This was a diagnostic study to define how accurate panoramic radiography is in determining the position of impacted
Background
Maxillary canines are the most frequently impacted teeth after third molars (1) (2) (3) (4) (5) . Disturbed development of permanent maxillary canines is common due to having the longest development period, the most superior position of development and the most difficult developmental path (6) (7) (8) (9) .
Canines determine the occlusion, stability, form and function of dental arch (10) . Impacted canines may lead to such problems as displacement and resorption of adjacent teeth, cystic degeneration, canine ankylosis, and a small dental arch (9) . Therefore, the treatment method of choice is surgical exposure and placement of the tooth in the dental arch. Surgical exposure is performed from buccal or palatal sides. When the tooth is nearer to the buccal cortex, access is much easier from the buccal vestibule, and when it is nearer to the palatal cortex, access is easier from the palatal mucosa (10) .
Determining the position of impacted maxillary canines affects prognosis and is necessary for selecting the therapeutic method (11) . The position of canines can be determined by some radiologic methods (10) . One method of tooth localization is panoramic radiography, which uses such variables such as angulation, magnification and superimposition (11) . Katsnelson et al. (10) introduced a simple method for the localization of impacted maxillary canines. According to the canine angulation to the occlusal plane, an angle greater than 65 degrees shows a buccally positioned impacted canine (11) . Chaushu et al. (12) proposed that the mesiodistal dimensions of canines and ipsilateral incisors in panoramic radiography can be used for determining the position of the impacted maxillary canine. If the ratio of the widest mesiodistal dimension of the impacted canine to that of the ipsilateral central incisor (canine incisor index = CII) is equal to or more than 1.15, the position of the impacted canine can be considered to be palatal (13, 14) . is superimposed on the root of central incisor, it proposes the position of the impacted canine (11, 15, 16) .
The other method for determining the position of maxillary impacted canines is cone beam computed tomography (CBCT). CBCT is used for the diagnosis, assessment and analysis of maxillofacial anomalies. CBCT has some advantages, such as the ability to detect the structural anomalies of teeth and the localization of the position of impacted and supernumerary teeth and their relation to adjacent roots or other anatomic structures. However, CBCT is costly and imposes a high radiation dose to the patient, and it is not easily available (17) .
Each patient with an impacted maxillary canine has a panoramic radiograph at the time of diagnosis (10), so it would be beneficial if the buccal or palatal positions of the tooth could be determined by this method. Panoramic radiography is inexpensive, easily available and imposes a smaller dose of radiation to the patient (18) (19) (20) .
Objectives
This study was performed to assess the accuracy of three methods of localization of impacted maxillary canines: by panoramic radiography, by determining the cutoff point values of angulation and CII in an Iranian population and by using the cervical line additional to occlusal plane for the angulation.
Methods
This was a cross-sectional, diagnostic study. The study population consisted of patients with impacted maxillary canines who were referred to the orthodontic ward of the dental college in Shahid Sadoughi University of Medical Sciences. Thirty-three patients (23 females and 10 males) with a total of 44 impacted maxillary canines entered the study. Thirty patients had already undergone either panoramic radiographs or CBCT (and sometimes both). Fourteen patients only had CBCT, so panoramic radiography was created from CBCT images.
The study was approved by the ethics committee of Shahid Sadoughi University of Medical Sciences (number = 31421).
Inclusion criteria consisted of the following conditions: presence of an impacted maxillary canine, sixth maxillary tooth, maxillary incisors and second cervical vertebra in panoramic radiography. Those with the following criteria were excluded from the study: craniofacial syndromes and cleft lip or palate, an impacted maxillary canine with rotation, a first maxillary molar with rotation, all types of malocclusion, mesiobuccal cusp restoration, and superimposition of the vertebral column on the ramus in panoramic radiography.
Panoramic radiography was performed by EC Planmeca (Proline XC, Helsinki, Finland) operated at 80 KVP and 12 mA, and CBCT was done by Planmeca (Promax 3D, Helsinki, Finland) operated at 84 KVP and 12 mA. Panoramic images were analyzed by Planmeca Romexis 2.9.2. R and CBCT images were observed by the same software.
Panoramic radiographs were numbered and the patients' names were covered to ensure blindness. Measurements of the variables were performed by an observer blinded to the study. All measurements were repeated by the same observer two weeks later, and the mean value was recorded. Another observer determined the real position of impacted maxillary canines by CBCT. The real position of the teeth were determined by CBCT.
In panoramic radiography, the position of impacted permanent maxillary canines in relation to the ipsilateral incisor is determined by the following variables:
1. Angulation: The angle of the impacted maxillary canine is measured in relation to two planes. The occlusal plane is obtained from the connection of the tip of the mesiobuccal cusp of the two first maxillary molars. The long axis of the impacted canine is drawn in relation to this plane. The intersection angle of these lines is named alpha (α) and recorded for each impacted canine ( Figure 1A) . Considering the problems of the first maxillary molar for drawing the occlusal plane, in this study another plane the cervical plane was drawn from the connection of the most anterior and inferior point of the bilateral second cervical vertebra. The intersection angle of this plane and long axis of the impacted canine is named beta (β) and is recorded for each impacted canine ( Figure 1B ). An et al. (11) , if the α angle was greater than 65, the impacted canine is considered to be buccally positioned; otherwise, it is considered palatal. For the β, each angle is written down.
According to
3. Magnification: CII is used to determine magnification. CII is the ratio of the widest dimension of the mesiodistal canine crown to that of the ipsilateral central incisor crown. According to Chaushu et al. (12) , if CII is equal to or greater than 1.15, the impacted canine is considered to be palatally positioned. Otherwise, it is considered buccal.
4. Superimposition: It is determined by the overlap of the canine crown over the adjacent incisor root. According to An et al. (11) , if the impacted canine is superimposed on the central root of adjacent incisor, it is considered to be palatally positioned.
Data was analyzed by SPSS (Ver. 17) using the MannWhitney U test. The level of significance is set at P < 0.05. Sensitivity, specificity, positive predictive value (PPV), neg- ative predictive value (NPV) and accuracy of panoramic radiography are calculated using the Chi-square test, and the palatal position is recorded as the positive state. The kappa test is used to assess the degree of agreement between panoramic radiography and CBCT. Roc curves are used to define cut-off point values.
Results
In this study, 33 panoramic radiographs that included 44 impacted permanent maxillary canines (11 bilateral cases) were assessed. The mean values of α angle, β angle and CII were as follows: 50.59 degrees, 54.07 degrees and 1.15, respectively.
According to CBCT images, 12 canines (27.27%) were located buccally and 32 (72.73%) were located palatally. Table  1 shows the comparison of the mean and standard deviation of α angle, β angle and CII according to the position of impacted permanent maxillary canines. Table 2 compares the position of impacted canines obtained by superimposition and CBCT. Table 3 presents sensitivity, specificity, PPV, NPV and accuracy of α angle, β angle, CII and superimposition in localization of impacted permanent maxillary canines. Sensitivity was calculated according to palatal position and specificity for the buccal position.
β angulation had the highest diagnostic value versus other variables in determining the position of impacted maxillary canines.
The degree of agreement of α angle, β angle, CII and superimposition with CBCT was assessed.
Kappa test showed that β angle had the highest agreement with CBCT results (χ 2 = 0.526, P = 0.001) ( Table 4) .
Cut of point of α angle (65°), β angle (63°) and CII (1.11) was achieved by the ROC curve. Figure 2 show the ROC curves of three methods.
Discussion
Maxillary canines are the most commonly impacted teeth after third molars. Canines determine the occlusion, stability, form and function of the dental arch. Determination of the position of impacted maxillary teeth is an effective step in selecting a therapeutic method and assessing the prognosis. In this study, considering the high probability of restoration of the mesiobuccal cusp of the first maxillary molars, vertical or horizontal malocclusion of these teeth or extraction of the sixth tooth which make it difficult to draw the occlusal plane and use angulation we used an additional angle for calculating angulation. In this method, the most anterior and inferior point of the second cervical vertebra were connected to form the cervical plane. The angle between this line and the line passing the long axis of the impacted canine was used as the β angle.
In this study, in order to determine the position of impacted permanent maxillary canines, three methods in panoramic radiography were used: angulation (by α and β angles), magnification (by CII) and superimposition. The real position of the impacted teeth were determined by CBCT.
Angulation using α angle showed 84.3% of palatal and 41.6% of buccal impacted permanent maxillary canines in their real position. The accuracy of this method was 72.8%.
The agreement value of α angulation with CBCT was 0.275. Angulation using β angle showed 81.8% of palatal and 87.5% of buccal impacted permanent maxillary canines in their real position. The accuracy of this method was 83.3%. The agreement value of β angulation with CBCT was 0.526.
Magnification using CII showed 37.5% of palatal and 58.3% of buccal impacted permanent maxillary canines in their real position. The accuracy of this method was 43.2%. The agreement value of CII with CBCT was 0.03. Superimposition showed 53.6% of palatal and 100% of buccal impacted permanent maxillary canines in their real position. The accuracy of this method was 59.4%. The agreement panoramic radiography using α angle is valid in localizing impacted maxillary canines, which is inconsistent with the results of the current study (10) . In the two aforementioned studies, teeth with horizontal or vertical malocclusion or a restored mesiodistal cusp have not been excluded from the study. An et al. (11) found that angulation is not an appropriate method for the localization of impacted maxillary canines, which is consistent with the current study.
Among the variables used in this study, β angle showed the highest sensitivity, specificity, accuracy, diagnostic value and the highest agreement with CBCT. The problems with using α angle, the availability of landmarks to draw β angle and the higher stability of these landmarks compared to the sixth tooth, in addition to the higher diagnostic value and accuracy of β angle makes this method beneficial for the localization of impacted permanent maxillary canines.
Several studies have used magnification to localize the position of impacted maxillary canines with panoramic radiography (11, 12, 20, 21) . Chaushu et al. (12) and Sudhakar et al. (20) showed that using CII for calculation of magnifica- tion provides beneficial information about the position of the canines, which was not in agreement with the results of the current study. In digital radiography, measurements are more precise with lesser errors. Nagpal et al. (21) found that magnification in panoramic radiography cannot be used as a reliable method for the localization of impacted maxillary canines. In this study, the root of the ipsilateral incisor was divided into three horizontal zones, and CII of each zone was calculated. The study showed that calculated CII does not vary regarding the zones (21) . The results of the Nagpal et al. (21) study about magnification were consistent with the results of the current study. In this study, digital panoramic radiography was used as well. For magnification to be reliable there is a need for an ideal dental arch congruous with image layers in order to make buccal impacted canines more than 1 and palatal ones less than 1, which is difficult (21).
An et al. (11) found that magnification is not an appropriate method for the localization of impacted maxillary canines by panoramic radiography. Magnification was more successful than angulation in locating the position of impacted canines. They used a similar number of specimens and excluded canines with rotation, similar to the current study.
In this study, buccally impacted canines were more prevalent than palatally impacted canines, which is common among Chinese. Wolf and Mattila (16) found that magnification more accurately localizes palatally impacted canines than buccally impacted ones. According to the study of An et al. (11) , magnification is more successful than angulation in finding the position of impacted maxillary canines. An et al. (11) showed that superimposition in panoramic radiography cannot be used alone for the localization of impacted maxillary canines, which was consistent with the results of the present study. The sample size and the method of calculation were similar in both studies.
Several studies have found 65 degrees to be the cut-off point value for α angle (10, 11) , which is consistent with the results of the current study. It seems that this value is similar in different races, so 65 degrees can be used as the cutoff value in different populations.
The cut-off point value for β angle was 63 degrees in the present study. A β angle of 63 degree and more indicates a buccal position, and an angle that is less than 63 degrees indicates a palatal position. In order to use this angle, further studies in different populations are required.
The cut-off point value of 1.15 for CII has been obtained in some studies (11, 12, 20, 21 ). In the current study, this value was 1.11, and its sensitivity (62%) and specificity (50%) were not acceptable. The difference in cut-off point values between the present study and other studies can be attributed to different races and different variables related to magnification in panoramic radiography devices.
Conclusion
This study showed that using β angle in the angulation method is an appropriate method for the localization of impacted maxillary canines, while magnification and superimposition were not appropriate methods in panoramic radiography for the localization of impacted maxillary canines though superimposition was better than magnification. Angulation using α angle was not an acceptable method, although it was better than magnification and superimposition.
It is recommended other studies should be performed to assess the accuracy of β angle in panoramic radiography for the localization of impacted maxillary canines in other populations. 
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